Introduction
The terahertz (THz) frequency region was an almost unex− plored area of the electromagnetic spectrum for a long time. Recently, interest in this spectrum range has been increased because of its importance for various scientific and techno− logical applications. Variety of new THz sources and detec− tors was created for the last twenty years.
At present time there exist a large variety of THz radia− tion sensors [1] , e.g., utilizing optical readout bi−material based infrared focal plane arrays (FPAs) [2] , heterojunc− tion/homojunction interfacial workfunction internal photoemission (HEIWIP/HIWIP) detectors [3] , quantum dot detectors [4, 5] and nanobolometers [6] , cold−electron bolometers [7] , plasma wave detection by field effect transistors (FETs) [8, 9] , different kind of antenna detec− tors [10] , Schottky diodes using semiconducting sin− gle−walled nanotubes [11] , and carbon nanotube bolo− meters [12] .
Most present THz−detectors can be extremely sensitive devices (NEP~10 -18 -10 -20 W/Hz 1/2 ), adjusted to some fre− quency band with the operation temperature T~100-200 mK [6, 13] , as well as wide−band cooled or moderately coo− led structures with relatively low sensitivity (NEP~10 -9 -10 -11 W/Hz 1/2 ). Among them there are bolometers, piezo− electric detectors, Golay cells, etc. and their main advantage lies in the relative operation simplicity without the need of adjustment in the wide frequency band.
However, in spite of progress made during recent years in THz−technologies, inexpensive, fast, sensitive and broadband terahertz detectors operating at high tem− peratures have not been developed yet. One of the goals of this work was to investigate and develop such kind of detector on the base of Hg 1-x Cd x Te (MCT), which is widely used for manufacturing detectors for IR part of the spectrum.
MCT has been developed over the past 50 years. Its opti− cal, physical and electrical properties are well understood. The bandgap of MCT can be adjusted by varying the ratio of the amount of the HgTe compound to the amount of CdTe in the particular MCT composition and is equal to 0.083 eV for MCT with mole fraction of CdTe x = 0.2 at a tempera− ture of 77 K [14] .
As the material for creation of THz−detectors, Hg 1-x Cd x Te was used in receivers on superlattices and heterojunctions HgTe/CdHgTe [15, 16] . The possibility of detector creation that is sensitive in the far infrared region and that is based on the effect of electrons heating in semiconductors was pre− dicted by Rollin in 1961 [17] . Rollin and Kinch [18] created such a detector, based on n−InSb operating at liquid helium temperature, in 1963.
The possibility of application of electron heating by the electromagnetic wave in bipolar semiconductor layer for the fabrication of THz/sub−THz bolometers was shown in Ref. 19 . Hg 1-x Cd x Te is potential material for semiconductor hot electron bolometer (SHEB) manufac− turing because of narrow gap and high values of the elec− tron mobility μ and the electron energy relaxation time t nE , the small lifetime t (for example, at x = 0.2 the t value is equal to about 50 ns and 1 μs for 300 and 77 K, respectively [14] ).
In this paper, SHEB−detector on the base of narrow−gap MCT for THz and sub−THz region is considered. Its photo− response in the 0.037-1.58 THz frequency region is re− searched at the different operating mode in T = 68-300 K temperature range. 
Model
The model of MCT semiconductor hot−electron bolometer was developed for its schematic that is shown in Fig. 1 . In this paper, ground of the model is stated only and more de− tailed explanation can be found in Ref. 20 . Here, the thin layer of bipolar semiconductor with the concentrations of shallow donors N d and acceptors N a , respectively, is a a sen− sitive element with the thickness a 1 , the width a 2 , and the distance a 3 between the metal contacts which serve as an− tennas. The voltage U is applied to bolometer and R load is the loading resistance. From the antenna, the electromag− netic wave enters to the sensitive element, which is resulted in the appearing of the electric field E h inside the sensitive element, carriers heating and supplementary electrons and holes. Supplementary electrons and holes form pairs, and therefore n p h h = (overline designates the time average value).
The concentrations n h and p h that change semiconduc− tor resistance as well as the electric field E h generate bolo− meter voltage response.
The bolometer voltage response can be presented by the expression
where
is the Dember effect (photodiffusion effect) contribution,
is the thermoelectromotive contribution and 
is the voltage contribution associated with free carriers con− centration changes. Here m n and m p are the mobilities of the electrons and holes and k B is the Boltzmann constant. The characteristic temperature T P c nh nh Eh n 0 0 = t sense is the stationary electron temperature at homogeneous heating by the power P nh0 (angle brackets designate the time and thickness average value). P nh0 is the average electron heating input specific power, c n is the electron gas specific heat, t Eh is the energy relaxation times of the electrons, and g n is the dimensionless temperature dependent on the con− tact design. V ext 0 is the voltage when a wave is absent. R a a a 
Experimental setup
The The detector was fed from a constant current source. For investigation of response temperature dependencies, the samples were placed to cryostat. The measurements were performed at the sample heating after his cooling to the li− quid nitrogen temperature. The samples were irradiated via a pyramidal horn at the end of the waveguide and teflon window in cryostat. The block−diagram of experimental system is shown in Fig. 3 .
The epitaxial films which were used as the bolometric layers had characteristics shown in Table 1 . The n−type sam− ple 1 was converted into p−type through annealing.
Results and discussion
The response of bolometer was measured in the range of fre− quencies 0.037-1.58 THz and in the range of temperatures 66-300 K. At all frequencies, the explored detector demon− strated the photoresponse and its character varied signifi− Opto−Electron. Rev., 18, no. At temperature decrease from T = 300 K to T = 77 K, the output signal of p−type Hg 1-x Cd x Te bolometer steadily in− creases and reaches the values that is a few times more than for the n−type Hg 1-x Cd x Te bolometer. Note, that in this case the signal voltage does not change the sign to opposite one at the applied current. If bias current is equal to zero, at T = 300 K relatively high signal is observed. At temperature de− crease, the signal increases, then reaches the maximum at T = 125 K and changes the sign to opposite one at T = 80 K.
In Fig. 5 , the photoresponse of n−type MCT bolometer is shown as a function of temperature for the frequency of in− cident radiation v = 0.89 THz. At these measurements, the phase of signal was not metered because of the gauging equipment limitation. Relatively weak signals are con− nected with small coupling efficiency. Figure 6 demonstrates the photoresponse of p−type MCT bolometer as a function of temperature for the frequency of incident radiation v = 37 GHz.
The experimental results confirm the sensitivity of pro− posed detector in a wide spectral range, at least from 0.037 to 1.58 THz. The character of photoresponse for the samples with different types of conductivity varies sufficiently.
The use of the theoretical model described in Sect. 2 can help to explain such behaviour of photoresponse taking into account various components of output signal, Dember ef− fect, thermoelectromotive contribution and free carrier con− centration changes. For example, Fig. 7 shows that experi− mental results and theoretical calculation that were made by Eqs. (1-4) demonstrates good agreement.
In addition, the theory predicts better sensitivity for sam− ples with p−type conductivity (see Fig. 8 for theoretical cal− culation) and it was confirmed experimentally. One can see from Fig. 4 that for the carriers concentration p~7×10 16 cm -3 , the photoresponse was 3 times more than for the con− centration n~1.2×10 14 cm -3 at 77 K. Moreover, the maxi− Detection of terahertz and sub−terahertz wave radiation based on hot−carrier effect in narrow−gap Hg 1-x mum of output signal for p−type samples could be shifted to the high temperature region (130-190 K depen− ding on the carrier's concentration) that is benefit compa− ring to other known detectors of THz radiation. Another benefit is the sensitivity of the proposed detector in the broadband. Note that the experimental results were obtained for the detectors with the non−optimized construction. So, the sensitivity should be greater with lowering the detectors size and optimized antenna.
Taking into account the Jonson's noise, generation−re− combination noise, and photon noise that are typical for such kind of detectors [21, 22] , one can estimate the noise equivalent power of the detector proposed. Our calculations (see Table 2 for estimation of detector noises) have shown that NEP can reach~10 -12 W/Hz 1/2 for T = 77 K and~10 -10 W/Hz 1/2 for T = 300 K depending on the wavelength.
Conclusions
The MCT material, that is traditional for manufacturing of infrared detectors, can be used for making detectors that are sensitive in THz and sub−THz region of spectrum and it is proven experimentally.
The experimental results are in good agreement with proposed theoretical model which predicts better response for samples with p−type conductivity.
The parameters of proposed detector are comparable with the characteristics of the other new sub−mm uncooled devices, and it can operate in a wide spectral range at mo− derate cooling condition. 
